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Lin28 controls cell fate in mammalian neurogenesis
Erica Balzer, Eric G. Moss
Department of Molecular Biology, UMDNJ, Stratford, NJ, USA
Lin28, the mammalian homolog of the C. elegans heterochronic
gene lin-28, is a factor in stem-cell identity and pluripotency and is in
diverse developing tissues in the embryo and adult, including muscle,
neural crest, and epithelia. It is a cytoplasmic protein with two RNA-
binding domains. In C. elegans, lin-28 positively regulates genes
involved in developmental timing that are repressed by miRNAs.
Mammalian Lin28 was found to help induce pluripotency, but its
natural role is not known. We addressed whether Lin28 regulates cell
fates in mammals using EC cells undergoing neuro/gliogenesis, where
the birth of neurons precedes that of glial cells. Lin28 is abundant in EC
cells, and is rapidly down-regulated prior to the formation of neurons.
When constitutively expressed, Lin28 increases the number of
neurons and blocks formation of glial cells (GFAP-positive). Neuron
differentiation does not start earlier than usual, based on the
accumulation of nestin and neuronal tubulin. In addition, we do
not detect a change in proliferation rate of undifferentiated cells nor
an increase in overall cell number by the time of bulk neuron
differentiation. These observations suggest that Lin28 activity
controls cell fate, possibly acting in transit amplifying cells. Its effect
is analogous to the heterochronic phenotype of lin-28 mis-expression
C. elegans, suggesting that mammalian Lin28 has a similar function.
Finally, it has been reported that Lin28 blocks the processing of
miRNAs in the nucleus in EC and ES cells. Our data are consistent
with Lin28 acting as a cytoplasmic mRNA-binding protein: Lin28




An essential role for Frizzled5 in neuronal survival in the
parafascicular nucleus of the thalamus
Chunqiao Liu, Yanshu Wang, Philip M. Smallwood, Jeremy Nathans
Department of Molecular Biology and Genetics, Johns Hopkins University
School of Medicine, Baltimore, Maryland, USA
Hughes Medical Institute, Johns Hopkins University School of Medicine,
Baltimore, Maryland, USA
Frizzled5 (Fz5), a putative Wnt receptor, is expressed in the retina,
hypothalamus, and the parafascicular nucleus (PFN) of the thalamus.
By constructing Fz5 alleles inwhich beta-galactosidase replaces Fz5 or
in which Cre-mediated recombination replaces Fz5 with alkaline
phosphatase, we observe that Fz5 is required continuously and in a
cell autonomous manner for the survival of adult PFN neurons but is
not required for proliferation, migration, or axonal growth and
targeting of developing PFN neurons. A motor phenotype associated
with loss of Fz5 establishes a role for the PFN in sensorimotor
coordination. Transcripts coding for Wnt9b, the likely Fz5 ligand in
vivo, and beta-catenin, a mediator of canonicalWnt signaling, are both
down-regulated in the Fz5−/− PFN, implying a positive feedback
mechanism in which Wnt signaling is required to maintain the
expression of Wnt signaling components. These data suggest that
defects in Wnt-Frizzled signaling could be the cause of neuronal loss
in degenerative CNS diseases.
doi:10.1016/j.ydbio.2008.05.253
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Pitx2 is critical for the survival and speciﬁcation of extraocular
muscles
Evans-Zacharias L. Amanda a, Min Qian b, Philip J. Gage a,b
a Cell and Developmental Biology, University of Michigan, Ann Arbor,
MI, USA
b Ophthalmology and Visual Science, University of Michigan, Ann Arbor,
MI, USA
Pitx2 is the only known genetic regulator of extraocular muscle
(EOM) development, but little is understood about the mechanisms
underlying EOM development. The purpose of the current experi-
ments was to determine which cell type Pitx2 is required in and test
potential mechanisms of Pitx2 function in EOM development. Cre-Lox
technology was used to determine that Pitx2 is required in the
mesoderm-derived myoblasts, but not the neural crest-derived fascia
for EOM formation. In wildtype mice, PITX2 is expressed in EOM
primordia two days prior to the expression of PAX7, MYOD andMYOG.
Pitx2null/null embryos completely lack EOMs and expression of Pax7
and the muscle regulatory factors (MRFs) Myf5, MyoD and Myog.
Conversely, embryos lacking Pax7 function have EOMs with normal
expression of PITX2, indicating that Pitx2 is genetically upstream of
Pax7. Predicted conserved PITX2 binding sites in the MRF promoters
and enhancers were identiﬁed and tested for functionality in vitro.
PITX2 is able to bind and activate theMyoD promoter in C2C12muscle
precursor cells. Additionally, EOM precursor cells are greatly reduced
in Pitx2null/null embryos at e11.5. A massive increase in cell death was
observed at e10.5 in these embryos, while no changes in cell
proliferation were seen. These results indicate that Pitx2 is genetically
upstream of Pax7, Myf5, MyoD, and Myog in EOM development,
making it the earliest known activator of EOM speciﬁcation. Pitx2 is
required for the early survival of the EOM precursors and later to
specify them as myoblasts by activating MyoD, thus Pitx2 plays
multiple roles in EOM development.
doi:10.1016/j.ydbio.2008.05.254
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Evidence for functional conservation of myogenic regulatory
factors: Electric ﬁsh MyoD and myogenin induce mammalian
skeletal muscle differentiation
Robert Güth, Hyun-Jung Kim, Graciela Unguez
Department of Biology, New Mexico State University, Las Cruces,
NM, USA
The myogenic regulatory factors (MRFs) are pivotal in the
commitment of stem cells to the skeletal muscle lineage and the
transcriptional activation of muscle-speciﬁc genes during differentia-
tion in vivo. In vitro, each MRF (MyoD, myogenin, myf5, MRF4) can
induce the myogenic program in non-myogenic cells. However, the
role of MRFs in maintaining the muscle phenotype is less well
understood. The muscle-derived electric organ (EO) of the electric ﬁsh
S. macrurus is an excellent model system to address this question
because of its partial muscle phenotype. In addition, EO cells
transcribe all four MRF genes and sequence analysis reveals
conservation of the functional domains in S. macrurus MRFs. In the
present study, we tested the capacity of S. macrurus MyoD and
myogenin to convert non-myogenic C3H10T1/2 and NIH3T3 mouse
embryonic cells into muscle cells. Transfection of S. macrurusMyoD or
myogenin into these cells resulted in the expression of sarcomeric
myosin heavy chain (MHC) mRNA and protein. Our expression studies
also showed that endogenous mammalian MyoD andmyogenin genes
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were induced by S. macrurus MyoD and myogenin — an inter-MRF
regulatory pattern that is similar to that observed among mammalian
homologs. These data, together with the conﬁrmed expression of S.
macrurusMRF proteins in skeletal muscle and EO in vivo, suggest both
functional conservation of S. macrurus MRFs as transcriptional
activators of muscle-speciﬁc genes and the presence of a distinct
regulatory mechanism affecting MRF activity in EO.
doi:10.1016/j.ydbio.2008.05.255
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Lineage mapping and genetic cell ablation of post-migratory
cardiac neural crest cells
Simon J. Conway, Paige Snider
Herman B Wells Center for Pediatric Research, Indiana University School
of Medicine, IN 46202, USA
The critical requirement of the cardiac neural crest (CNC) cells
during cardiovascular development is well documented, as are the
severe and diverse congenital cardiovascular consequences associated
with their removal and/or genetic manipulation. However, the actual
role of the CNC in the outﬂow tract (OFT) itself and what role they play
during mesenchymal cushion remodeling and generation of the
mature heart remain unclear. Our study of the transcriptional
regulation of Periostin identiﬁed a Periostin 3.9 kb transcriptional
regulatory module that drives in vivo restricted transient expression
in subpopulation of CNC-derived cells that colonize the distal OFT
mesenchymal cushions. Given there are currently no OFT endocar-
dially-restricted promoters (or even a cushion-speciﬁc promoter), we
generated 3.9 kb Periostin-Cre transgenic mice. In combination with
R26R reporter and R26-diptheria toxin-A genetic ablation mice, we
have begun to analyze the role of the 3.9 kb Periostin-expressing OFT
subpopulation. Lineage mapping and genetic cell ablation data will be
presented. Combining these results indicates that we have identiﬁed a
unique and powerful molecular tool with which to begin to under-
stand/identify some of the master regulators that control how the OFT
mesenchymal cushions are remodeled to give rise tomature heart and




Notch2 controlled molecular mechanisms underlying secondary
heart ﬁeld differentiation and proliferation
Prajakta A. Varadkar, Mathew Kraman, Brent McCright
Division of Cellular and Gene Therapies, FDA, Bethesda MD, USA
Our previous studies have shown that Notch2 is required for the
proliferation of smooth muscle cells derived from cardiac neural crest
cells and for myocardial development. In order to further study the
effect of Notch2 in cardiovascular tissues, we made a conditionally
activated Notch2 transgene (N2-GOF) that allows the expression of the
Notch2 intracellular domain (ICD) in speciﬁc cell lineages. N2-GOF
mice were crossed to mice containing a Mef2c-AHF-Cre transgene,
resulting in the expression of the Notch2 ICD speciﬁcally in the
secondary heart ﬁeld which includes endothelial and myocardial cells
of outﬂowtract, right ventricle andventricular septum.AtE16.5Mef2c-
cre; N2-GOF hearts exhibit profoundly reduced right ventricles and
ventricular septal tissue but conversely, have enlarged valves. A very
large decrease in the number of Mef2c-cre; N2-GOF myocardial cells
that express α-Actinin was observed, while the number of α-Smooth
Muscle Actin (α-SMA) positive cells remains constant. TUNEL assays on
E16.5 Mef2c-cre; N2-GOF hearts show a large amount apoptosis in the
right ventricle. These results together suggest that over expression of
Notch2 preventsmaturation and differentiation of the cardiomyocytes
and causes apoptosis. In contrast to the myocardium, valvular cells
show an increase in proliferating α-SMA positive cells in Mef2c-cre;
N2-GOF mice as compared to wild type. Therefore the Notch2 ICD is
exerting differential effects on cell populations derived from the
secondary heart ﬁeld. Our data will help elucidate the molecular
mechanisms involved in heart tissue development and repair.
doi:10.1016/j.ydbio.2008.05.257
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Constitutive activation of β-catenin signaling in embryonic
surface epithelium results in global acquisition of hair follicle fate
Yuhang Zhang, Thomas Andl, Fei Liu, Steven H. Yang,
Makoto M. Taketo, Andrzej A. Dlugosz, Sarah E. Millar
Department of Dermatology, University of Pennsylvania, Philadelphia PA
19104, USA
Department of Cell and Developmental Biology, University of Pennsylvania,
Philadelphia PA 19104, USA
β-Catenin signaling is required for hair follicle development, but it
is unknown whether its activation is sufﬁcient to globally program
embryonic epidermis to hair follicle fate. To address this we mutated
endogenous epithelial β-catenin to a dominant active form in vivo.
Hair follicle placodes were expanded and induced prematurely in
activated β-catenin mutant embryos, but failed to invaginate or form
multilayered structures. Eventually, the entire epidermis adopted hair
follicle fate, broadly expressing hair shaft keratins inplace of epidermal
stratiﬁcation markers. Mutant embryonic skin was precociously
innervated and pigmented. Transcript proﬁling experiments identiﬁed
elevated expression of Sp5, a direct β-catenin target and transcrip-
tional repressor. We show that Sp5 normally localizes to hair follicle
placodes and can suppress epidermal differentiation gene expression.
We identiﬁed the pigmentation regulators Foxn1, Adamsts20 and Kitl,
and the neural guidance genes Sema4c, Sema3c, Unc5b and Unc5c, as
potential mediators of the effects of β-catenin signaling on pigmenta-
tion and innervation. Our data provide evidence for a new paradigm in
which, in addition to promoting hair follicle placode andhair shaft fate,
β-catenin signaling actively suppresses epidermal differentiation and
directs pigmentation and innervation. Controlled downregulation of
β-catenin signaling is required for normal placode patterning, and
adoption of the full range of follicular fates.
doi:10.1016/j.ydbio.2008.05.258
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Distinct sequential cell behaviours direct primitive endoderm
formation in the mouse blastocyst
Anna E. Piliszek a, Berenika Plusa a,b, Stephen Frankenberg a,c,
Jérôme Artus a, Anna-Katerina Hadjantonakis a
a Developmental Biology Program, Sloan-Kettering Institute, New York,
NY, USA
b Faculty of Life Sciences, Manchester University, Manchester, UK
c Department of Experimental Embryology, Institute of Genetics and
Animal Breeding, Polish Academy of Sciences, Jastrzebiec, Poland
The extraembryonic lineages trophectoderm (TE) and primitive
endoderm (PrE) are the ﬁrst two lineages to differentiate from a
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